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Introduction {#jah31974-sec-0004}
============

Cardiovascular disease is one of the most important public health issues in the world, including China. As estimated by the Global Burden of Disease Study, ischemic heart disease and stroke were the leading causes of death and loss of disability‐adjusted life years worldwide in 2010.[1](#jah31974-bib-0001){ref-type="ref"}, [2](#jah31974-bib-0002){ref-type="ref"} Although the incidence and mortality of cardiovascular diseases have markedly decreased in several high‐income countries in the past few decades,[3](#jah31974-bib-0003){ref-type="ref"}, [4](#jah31974-bib-0004){ref-type="ref"} the rates in middle‐ and low‐income countries are still growing rapidly, and these represent nearly 80% of the global burden.[5](#jah31974-bib-0005){ref-type="ref"}

As one of the middle‐income countries (as classified by the World Bank), China has more than 17 million cardiovascular patients,[6](#jah31974-bib-0006){ref-type="ref"} with the age‐standardized cardiac‐caused years of life lost higher than the average level of the world.[7](#jah31974-bib-0007){ref-type="ref"} The prevalence and risk‐factor burden of cardiovascular diseases in China need more attention. Because China owns the world\'s fourth‐largest land area,[8](#jah31974-bib-0008){ref-type="ref"} the socioeconomic status of its population is highly diverse among different regions. The gross regional income per capita in some eastern areas such as Beijing and Jiangsu has reached the high‐income level, while western provinces such as Xinjiang and Qinghai remain relatively poor.[9](#jah31974-bib-0009){ref-type="ref"} It is necessary to investigate the prevalence of cardiovascular risk factors and cardiovascular diseases in different socioeconomic regions of China. Therefore, the aims of our study are to examine whether cardiovascular disease prevalence differs among high‐ (eastern), middle‐ (central), and low‐income (western) regions of China and to explore the reasons for the disparities.

Previous studies have shown that higher‐income countries had heavier risk‐factor burdens but lower cardiovascular disease rates than lower‐income countries because of their better health services.[10](#jah31974-bib-0010){ref-type="ref"} We speculate that different socioeconomic regions of China may exhibit the same patterns, and we explore the correlations between risk factors and cardiovascular diseases by regions.

Methods {#jah31974-sec-0005}
=======

Study Design {#jah31974-sec-0006}
------------

Our study came from the Prospective Urban and Rural Epidemiological (PURE) Study, which is an international, community‐based cohort study that recruited 153 996 individuals from 17 countries across 5 continents.[11](#jah31974-bib-0011){ref-type="ref"}, [12](#jah31974-bib-0012){ref-type="ref"} China is 1 of the participating countries; 46 285 Chinese aged 35 to 70 years residing in 115 urban and rural communities in 12 provinces were enrolled from January 1, 2005 to December 31, 2009. Detailed design and methods of the PURE‐China Study have been described elsewhere.[13](#jah31974-bib-0013){ref-type="ref"} Briefly, provinces and communities were chosen purposely to maximize economic and sociocultural diversity. For practical reasons, the PURE‐China Study did not aim for a strict proportionate sampling but instead for high‐quality data at a relatively low budget. The study protocol was approved by the ethics committees in all participating centers.

Provinces involved in the PURE‐China Study were grouped into 3 socioeconomic regions by national criteria, including 4 eastern provinces with high income levels (Beijing, Jiangsu, Shandong, and Liaoning), 3 central provinces with middle income levels (Shanxi, Jiangxi, and Inner Mongolia), and 5 western provinces with low income levels (Yunnan, Qinghai, Shaanxi, Xinjiang, and Sichuan). Communities were sampled by urban and rural stratification. All eligible households in the selected communities were recruited if they had at least 1 member aged between 35 and 70 years and intended to stay at the current address for the next 4 years. Individuals who were 35 to 70 years old and provided written informed consent were enrolled (response rate 98.3% \[46 285/47 085\]).

Data Collection {#jah31974-sec-0007}
---------------

Data collection was performed according to standardized procedures that have been identified previously.[11](#jah31974-bib-0011){ref-type="ref"} From interview‐based questionnaires, family income and neighborhood walkability (as defined by the neighborhood walkability scale questionnaire)[14](#jah31974-bib-0014){ref-type="ref"} were recorded at the community or household level, and demographic information, cardiovascular risk factors (as described in the INTERHEART Study),[15](#jah31974-bib-0015){ref-type="ref"} and regular medications were recorded at the individual level. For each participant, a 10‐mL fasting blood sample was collected and measured in a centralized certified laboratory for the analysis of basic serum biochemical indexes.[16](#jah31974-bib-0016){ref-type="ref"}

Hypertension was defined as a blood pressure higher than 140/90 mm Hg or a self‐reported history of high blood pressure. Diabetes was defined as a fasting glucose higher than 7.0 mmol/L or a self‐reported history of diabetes mellitus. Hyperlipidemia was defined as a total cholesterol higher than 5.2 mmol/L. Participants were considered to have family histories if either or both of their biological parents had heart disease. Participants were considered to have abdominal obesity if their waist‐to‐hip ratios were higher than 0.90 for males or 0.85 for females. Current smoking was defined as smoking at least 1 cigarette per day in the past 12 months. Former smoking was defined as having ceased smoking more than 1 year earlier. Current drinking was defined as drinking at least once per month in the past 12 months. Former drinking was defined as having quit drinking more than 1 year earlier. Dietary profile was described by a semiquantitative food frequency questionnaire,[17](#jah31974-bib-0017){ref-type="ref"} with an Alternative Healthy Eating Index Score[18](#jah31974-bib-0018){ref-type="ref"} less than 31 being regarded as showing an unhealthy diet. Daily exercise was evaluated by the international physical activity questionnaire,[19](#jah31974-bib-0019){ref-type="ref"} with metabolic equivalents per minute per week less than 600 being regarded as insufficient physical activity. Psychosocial status was assessed by self‐reported feelings of work or home life stress periodically or permanently and by feeling sad, "blue", or depressed for 2 or more consecutive weeks in the past 12 months.

The primary outcome of our study was the medical history of cardiovascular diseases before study enrollment by self‐reporting. Major cardiovascular diseases included stroke, angina, heart attack, and coronary artery disease. Nonmajor cardiovascular diseases included all other heart diseases that led to hospitalization.

INTERHEART Risk Score {#jah31974-sec-0008}
---------------------

To quantify the risk‐factor burden of cardiovascular diseases, we used the "nonlaboratory" version of the INTERHEART Modifiable Risk Score,[20](#jah31974-bib-0020){ref-type="ref"} which is a validated score that considers risk factors of age, sex, medical histories, lifestyle behaviors, and psychosocial status. Table [1](#jah31974-tbl-0001){ref-type="table-wrap"} presents the detailed calculation of the score. The total INTERHEART Risk Score ranges from 0 to 48, with higher scores indicating greater burden.

###### 

The "Nonlaboratory" Version of the INTERHEART Modifiable Risk Score

  Risk Factors                     Conditions                                            Points   Past/Present Exposures
  -------------------------------- ----------------------------------------------------- -------- ------------------------
  Age                              A man ≥55 years or a woman ≥65 years                  2        Past
  Hypertension                     Yes                                                   5        Past
  Diabetes mellitus                Yes                                                   6        Past
  Family history                   Yes                                                   4        Past
  Waist‐to‐hip ratio               0.873 to 0.963                                        2        Past
                                   ≥0.964                                                4        
  Smoking status                                                                                  
  Former smoking                   Yes                                                   2        Past
  Current smoking                  1 to 5 cigarettes per day                             2        Present
                                   6 to 10 cigarettes per day                            4        
                                   11 to 15 cigarettes per day                           6        
                                   16 to 20 cigarettes per day                           7        
                                   \>20 cigarettes per day                               11       
  Secondhand smoking               ≥1 hour per week (for never or former smokers only)   2        Present
  Diet                                                                                            
  Salty foods or snacks            ≥1 time per day                                       1        Present
  Deep fried foods or fast foods   ≥3 times per week                                     1        Present
  Fruits                           \<1 time per day                                      1        Present
  Vegetables                       \<1 time per day                                      1        Present
  Meat or poultry                  ≥2 times per day                                      2        Present
  Physical activity                Mainly sedentary or perform mild exercise             2        Present
  Stress                           Yes                                                   3        Present
  Depression                       Yes                                                   3        Present

John Wiley & Sons, Ltd

Because the INTERHEART Risk Score is a mixture of past exposures (eg, medical histories) and present exposures (eg, current lifestyle behaviors and psychosocial factors), we further divided the score into 2 parts to better describe the situations before and after the cardiovascular events (Table [1](#jah31974-tbl-0001){ref-type="table-wrap"}). The past part contains variables of former smoking and specific status that are difficult or impossible to modify, such as age, sex, hypertension, diabetes, family history, and waist‐to‐hip ratio. The present part, on the other hand, contains variables of current smoking (either active or passive), eating habits, physical activity, stress, and depression, which are changeable and may be affected by the disease. The past part of the INTERHEART Risk Score ranges from 0 to 23; the present part ranges from 0 to 25.

Statistical Analysis {#jah31974-sec-0009}
--------------------

Continuous variables were presented as mean±standard deviation (SD). Categorical variables were presented as numbers and corresponding percentages. Comparisons between groups were made with Mann‐Whitney U tests or Kruskal‐Wallis tests for continuous variables, and with chi‐square tests for categorical variables.

Univariate and multivariate generalized‐estimating‐equation models were built to evaluate the association between risk factors and cardiovascular diseases in different regions, addressing the cluster effect of communities. To deal with the potential type I error expansion brought by multiple comparisons, the Bonferroni method was used to correct the significance level. A *P* value less than 0.007 was considered to be statistically significant with a 2‐sided alternative. All statistical analyses were performed with SAS 9.4 (SAS Institute Inc, Cary, NC).

Results {#jah31974-sec-0010}
=======

Among the 46 285 individuals enrolled in the PURE‐China Study, 24 807 were from high‐income (eastern) regions, 10 182 were from middle‐income (central) regions, and 11 296 were from low‐income (western) regions. Table [2](#jah31974-tbl-0002){ref-type="table-wrap"} provides information on income, education, occupation, and medication in urban and rural communities in different socioeconomic regions of China. The average incomes in high‐, middle‐, and low‐income regions were 128.88, 105.22, and 90.40 dollars per month, respectively. Personal income in urban areas was much higher than that in rural areas in all regions. The rates of illiteracy (primary or no education) and unemployment (elementary or no occupation) were higher in low‐income regions and rural communities, whereas the walkability to school, work, and drugstore was higher in high‐income regions and urban communities.

###### 

The Allocation of Educational and Medical Resources in Urban and Rural Communities in Different Socioeconomic Regions of China

  Characteristic                High‐Income Regions   Middle‐Income Regions   Low‐Income Regions                                  
  ----------------------------- --------------------- ----------------------- -------------------- -------------- --------------- --------------
  Personal income (dollars)     156.62±139.05         102.65±141.44           126.96±224.09        77.71±104.70   131.13±109.77   42.98±57.98
  Primary or no education       2113 (17.27)          5607 (44.59)            756 (14.95)          2246 (43.83)   1242 (22.51)    3908 (67.62)
  Elementary or no occupation   2328 (19.03)          10 558 (83.96)          569 (11.25)          4189 (81.75)   1256 (22.77)    5209 (90.14)
  Time to school or work                                                                                                          
  ≤10 minutes                   10 611 (86.75)        10 471 (83.27)          3943 (77.96)         3408 (66.51)   4397 (79.70)    4418 (76.45)
  11 to 20 minutes              713 (5.83)            773 (6.15)              507 (10.02)          492 (9.60)     624 (11.31)     287 (4.97)
  21 to 30 minutes              478 (3.91)            463 (3.68)              257 (5.08)           428 (8.35)     279 (5.06)      413 (7.15)
  \>30 minutes                  430 (3.52)            868 (6.90)              351 (6.94)           796 (15.53)    217 (3.93)      661 (11.14)
  Time to buy medicine                                                                                                            
  ≤10 minutes                   9049 (73.98)          8754 (69.61)            3423 (67.67)         2343 (45.73)   3511 (63.64)    2661 (46.05)
  11 to 20 minutes              2072 (16.94)          1139 (9.06)             1486 (29.38)         845 (16.49)    1489 (26.99)    722 (12.49)
  21 to 30 minutes              804 (6.57)            1100 (8.75)             96 (1.90)            708 (13.82)    325 (5.89)      954 (16.51)
  \>30 minutes                  307 (2.51)            1582 (12.58)            53 (1.05)            1228 (23.97)   192 (3.48)      1442 (24.95)

Data are presented as mean±SD or n (%).
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Risk‐Factor Burden {#jah31974-sec-0011}
------------------

Table [3](#jah31974-tbl-0003){ref-type="table-wrap"} presents the cardiovascular risk factors of the participants in different socioeconomic regions of China. The mean INTERHEART Risk Score was higher in high‐ and middle‐income regions than in low‐income regions (9.47, 9.48, and 8.58, respectively, *P*\<0.0001). Specifically, the past part of the score was higher in high‐income regions than in middle‐ and low‐income regions (4.85, 4.32, and 4.43, respectively, *P*\<0.0001). Meanwhile, the present part of the score was highest in middle‐income regions, intermediate in high‐income regions, and lowest in low‐income regions (5.16, 4.62, and 4.15, respectively, *P*\<0.0001).

###### 

Cardiovascular Risk Factors of Men and Women in Different Socioeconomic Regions of China

  Risk Factors            All            High‐Income Regions   Middle‐Income Regions   Low‐Income Regions                                                
  ----------------------- -------------- --------------------- ----------------------- -------------------- -------------- -------------- -------------- --------------
  Age, y                  51.62±9.92     50.95±9.62            51.61±9.76              51.40±9.51           50.91±9.85     50.34±9.63     52.30±10.32    50.54±9.80
  Hypertension            8606 (45.08)   11 096 (40.80)        5128 (48.46)            6153 (43.25)         1677 (41.27)   2342 (38.27)   1801 (40.50)   2601 (37.98)
  Diabetes mellitus       1776 (9.30)    2438 (8.97)           997 (9.23)              1354 (9.52)          342 (8.42)     509 (8.32)     457 (10.28)    575 (8.40)
  Hyperlipidemia          4135 (21.66)   7564 (27.82)          2217 (20.95)            3817 (26.83)         790 (19.44)    1561 (25.51)   1128 (25.37)   2186 (31.92)
  Family history          2106 (11.03)   3229 (11.87)          1270 (12.00)            1859 (13.07)         441 (10.85)    701 (11.46)    395 (8.88)     669 (9.77)
  Abdominal obesity       7719 (40.43)   11 712 (43.07)        4083 (38.58)            6679 (46.95)         1706 (41.99)   2234 (36.51)   1930 (43.40)   2799 (40.87)
  Smoking status                                                                                                                                         
   Current smoking        9504 (49.78)   774 (2.85)            5357 (50.62)            408 (2.87)           2317 (57.03)   314 (5.13)     1830 (41.15)   52 (0.76)
   Former smoking         2055 (10.76)   179 (0.66)            892 (8.43)              79 (0.56)            522 (12.85)    71 (1.16)      641 (14.41)    29 (0.42)
   Never smoking          7533 (39.46)   26 240 (96.50)        4333 (40.95)            13 738 (96.58)       1224 (30.13)   5734 (93.71)   1976 (44.43)   6768 (98.82)
  Drinking status                                                                                                                                        
   Current drinking       8468 (44.35)   1243 (4.57)           4800 (45.36)            566 (3.98)           2049 (50.43)   425 (6.95)     1619 (36.41)   252 (3.68)
   Former drinking        1269 (6.65)    246 (0.90)            465 (4.39)              72 (0.51)            367 (9.03)     84 (1.37)      437 (9.83)     90 (1.31)
   Never drinking         9355 (49.00)   25 704 (94.52)        5317 (50.25)            13 587 (95.51)       1647 (40.54)   5610 (91.68)   2391 (53.77)   6507 (95.01)
  Unhealthful diet        4172 (21.85)   6097 (22.42)          2357 (22.27)            3309 (23.26)         717 (17.65)    1111 (18.16)   1098 (24.69)   1677 (24.49)
  Low physical activity   2743 (14.37)   2683 (9.87)           1644 (15.54)            1595 (11.21)         420 (10.34)    304 (4.97)     679 (15.27)    784 (11.45)
  Stress                  1138 (5.96)    1515 (5.57)           430 (4.06)              531 (3.73)           286 (7.04)     387 (6.32)     422 (9.49)     597 (8.72)
  Depression              885 (4.64)     1619 (5.95)           266 (2.51)              469 (3.30)           238 (5.86)     511 (8.35)     381 (8.57)     639 (9.33)
  INTERHEART Risk Score                                                                                                                                  
   Past part              5.65±4.30      3.90±3.96             5.81±4.28               4.12±4.03            5.33±4.35      3.64±3.86      5.56±4.29      3.70±3.89
   Present part           6.05±3.92      3.62±2.27             6.05±3.90               3.54±2.23            6.81±4.05      4.06±2.30      5.34±3.71      3.36±2.28
   Total                  11.70±5.34     7.52±4.33             11.86±5.35              7.66±4.38            12.14±5.30     7.71±4.30      10.90±5.25     7.06±4.21

Data are presented as mean±SD or as n (%).
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Figure [1](#jah31974-fig-0001){ref-type="fig"} illustrates the distribution of the INTERHEART Risk Score by socioeconomic regions and urban or rural areas. The past score was higher in urban communities than in rural communities in all regions (high‐income regions 5.16 vs 4.54, *P*\<0.0001; middle‐income regions 4.93 vs 3.71, *P*\<0.0001; low‐income regions 4.95 vs 3.93, *P*\<0.0001). The present score was higher in urban communities (4.44 vs 3.87, *P*\<0.0001) for low‐income regions but was higher in rural communities for high‐ (4.44 vs 4.80, *P*\<0.0001) and middle‐income regions (4.52 vs 5.79, *P*\<0.0001).

![The mean INTERHEART Risk Score in urban and rural communities in different socioeconomic regions of China. A, The distribution of the past INTERHEART Risk Score. B, The distribution of the present INTERHEART Risk Score. C, The distribution of the total INTERHEART Risk Score.](JAH3-6-e004445-g001){#jah31974-fig-0001}

Cardiovascular Diseases {#jah31974-sec-0012}
-----------------------

Of the 46 285 participants with baseline medical history records, 872 (1.88%) had stroke, 2407 (5.20%) had ischemic heart disease (angina/heart attack/coronary artery disease), and 3070 (6.63%) had at least one major cardiovascular disease. Additionally, there were 479 (1.03%) participants suffering from nonmajor cardiovascular disease, constituting 3549 (7.67%) cardiovascular patients in total. The median time since diagnosis was 5 years (interquartile range 2‐10).

Figure [2](#jah31974-fig-0002){ref-type="fig"} presents the prevalence of cardiovascular diseases in different socioeconomic regions. Stroke prevalence was highest in high‐income regions, intermediate in middle‐income regions, and lowest in low‐income regions (2.13%, 1.92%, and 1.31%, respectively, *P* ~trend~\<0.0001). Ischemic heart disease showed an opposite tendency, with lower prevalence in high‐ and middle‐income regions, and higher prevalence in low‐income regions (5.05%, 4.72%, and 5.97%, respectively, *P* ~trend~=0.0017). Major cardiovascular disease had no consistent trend (6.70%, 6.24%, and 6.83%, respectively, *P* ~trend~=0.9079). Nonmajor cardiovascular disease (0.75%, 1.18%, and 1.52%, respectively, *P* ~trend~\<0.0001) as well as total cardiovascular disease (7.46%, 7.42%, and 8.36%, respectively, *P* ~trend~=0.0064) followed a similar pattern of ischemic heart disease in high‐, middle‐, and low‐income regions.

![Prevalence of cardiovascular diseases in different socioeconomic regions of China.](JAH3-6-e004445-g002){#jah31974-fig-0002}

Figure [3](#jah31974-fig-0003){ref-type="fig"} and Figure [S1](#jah31974-sup-0001){ref-type="supplementary-material"} display the prevalence of cardiovascular diseases in urban and rural communities. The prevalence of total cardiovascular disease was higher in urban areas than in rural areas in high‐ (9.22% vs 5.74%, *P*\<0.0001) and middle‐income regions (10.48% vs 4.39%, *P*\<0.0001), the same as for major cardiovascular disease (high‐income regions 8.27% vs 5.18%, *P*\<0.0001; middle‐income regions 9.31% vs 3.20%, *P*\<0.0001). In low‐income regions, however, both total and major cardiovascular diseases showed similar prevalence between urban and rural areas (total cardiovascular disease 8.68% vs 8.05%, *P*=0.2222; major cardiovascular disease 6.49% vs 7.16%, *P*=0.1554). The prevalences of stroke and ischemic heart disease are described in Data [S1](#jah31974-sup-0001){ref-type="supplementary-material"}.

![Prevalence of total and major cardiovascular diseases in urban and rural communities in different socioeconomic regions of China. A, The distribution of total cardiovascular disease prevalence. B, The distribution of major cardiovascular disease prevalence.](JAH3-6-e004445-g003){#jah31974-fig-0003}

Associations Between Risk Factors and Cardiovascular Diseases {#jah31974-sec-0013}
-------------------------------------------------------------

The INTERHEART Risk Score was positively correlated to total cardiovascular disease (odds ratio \[OR\] 1.08; 95% CI 1.07‐1.09) and major cardiovascular disease (OR, 1.08; 95% CI, 1.07‐1.09), adjusted for age, sex, socioeconomic region, urban or rural location, and region by location interaction. After excluding present exposures that might lead to reverse causality, the past part of the score showed higher correlations, with odds ratio 1.12 (1.11‐1.14) for total cardiovascular disease and 1.13 (1.12‐1.14) for major cardiovascular disease.

Table [4](#jah31974-tbl-0004){ref-type="table-wrap"} and Table [S1](#jah31974-sup-0001){ref-type="supplementary-material"} provide the overall odds ratio estimations for cardiovascular risk factors. All past exposures were associated with both total and major cardiovascular diseases in univariate analysis. By adjusting for age, sex, socioeconomic region, urban or rural location, location by region interaction, and other risk factors in a multivariate generalized‐estimating‐equation model, family history and former drinking showed strongest correlations to total (or major) cardiovascular disease, with odds ratios exceeding to 2.00.

###### 

Association of Risk Factors With Total and Major Cardiovascular Diseases

  Past Risk Factors   Total Cardiovascular Disease   Major Cardiovascular Disease                      
  ------------------- ------------------------------ ------------------------------ ------------------ ------------------
  Hypertension        2.88 (2.56‐3.23)               1.92 (1.75‐2.11)               3.16 (2.79‐3.58)   2.04 (1.85‐2.24)
  Diabetes mellitus   2.37 (2.07‐2.72)               1.43 (1.27‐1.61)               2.49 (2.18‐2.85)   1.47 (1.31‐1.66)
  Hyperlipidemia      1.51 (1.35‐1.68)               1.04 (0.93‐1.15)               1.50 (1.34‐1.69)   1.02 (0.93‐1.13)
  Family history      2.08 (1.80‐2.39)               2.31 (2.00‐2.67)               2.16 (1.85‐2.51)   2.43 (2.08‐2.84)
  Abdominal obesity   1.67 (1.53‐1.82)               1.24 (1.14‐1.36)               1.73 (1.58‐1.91)   1.27 (1.16‐1.40)
  Former smoking      2.38 (2.04‐3.78)               1.72 (1.49‐1.98)               2.45 (2.07‐2.89)   1.72 (1.48‐2.01)
  Former drinking     2.81 (2.31‐3.41)               2.22 (1.86‐2.66)               2.71 (2.18‐3.37)   2.07 (1.72‐2.48)

Data are presented as odds ratio (95% confidence interval).

Univariate analysis is performed with the use of a generalized‐estimating‐equation model to address clustering of data.

Multivariate analysis includes all past and present risk factors, adjusted for age, sex, socioeconomic region, urban or rural location, and region×location interaction.
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The past INTERHEART Risk Score was risk‐related to total cardiovascular disease in high‐ (OR 1.13; 95% CI 1.11‐1.15), middle‐ (OR 1.12; 95% CI 1.11‐1.14), and low‐income regions (OR 1.11; 95% CI 1.08‐1.15). Figure [4](#jah31974-fig-0004){ref-type="fig"} and Figure [S2](#jah31974-sup-0001){ref-type="supplementary-material"} show the different association patterns of risk factors and cardiovascular diseases among regions. Former lifestyle behaviors were most strongly correlated to total cardiovascular disease in high‐income regions, intermediate in middle‐income regions, and weakest in low‐income regions (ORs were 2.81, 2.31, and 1.63, respectively, for former drinking; 2.01, 1.76, and 1.19, respectively, for former smoking). Medical histories, especially for family history and hypertension, were remarkable risk factors because the odds ratios in all regions were fairly high (ORs were 2.29, 2.19, and 2.54, respectively, for family history; 1.99, 2.16, and 1.70, respectively, for hypertension). Similar association patterns were also observed in major cardiovascular disease. The associations of risk factors with stroke and ischemic heart disease are presented in Data [S2](#jah31974-sup-0001){ref-type="supplementary-material"}.

![Association of risk factors with total and major cardiovascular diseases in different socioeconomic regions of China, adjusted for age, sex, and urban or rural location.](JAH3-6-e004445-g004){#jah31974-fig-0004}

Medications {#jah31974-sec-0014}
-----------

Among participants with total cardiovascular disease, the use of antiplatelet drugs was higher in high‐ and middle‐income regions than in low‐income regions (22.59%, 21.99%, and 5.51%, respectively, *P* ~trend~\<0.0001). Similar tendencies were also observed in the use of angiotensin‐converting enzyme inhibitors or angiotensin II receptor blockers (9.95%, 7.68%, and 4.77%, respectively, *P* ~trend~\<0.0001), diuretics (17.57%, 12.85%, 5.93%, respectively, *P* ~trend~\<0.0001), calcium‐channel blockers (15.03%, 23.71%, and 5.08%, respectively, *P* ~trend~\<0.0001), and any of the blood‐pressure‐lowering drugs (37.68%, 40.26%, and 16.00%, respectively, *P* ~trend~\<0.0001).

Table [5](#jah31974-tbl-0005){ref-type="table-wrap"} displays the rates of drug use in urban and rural communities in different socioeconomic regions of China. The use of secondary prevention drugs was generally higher in urban than in rural communities, and the relative differences in drug use between urban and rural areas were least pronounced in high‐income regions, intermediate in middle‐income regions, and most pronounced in low‐income regions.

###### 

Regular Medications for Participants With Total Cardiovascular Disease in Urban and Rural Communities in Different Socioeconomic Regions of China

  Medications                                                            High‐Income Regions   Middle‐Income Regions   Low‐Income Regions                              
  ---------------------------------------------------------------------- --------------------- ----------------------- -------------------- ------------ ------------- -----------
  Antiplatelet drugs                                                     205 (18.17)           213 (29.50)             136 (25.66)          30 (13.33)   38 (7.93)     14 (3.01)
  β‐Blockers                                                             83 (7.36)             23 (3.19)               58 (10.94)           11 (4.89)    32 (6.68)     5 (1.08)
  ACE inhibitors or ARBs                                                 114 (10.11)           70 (9.70)               44 (8.30)            14 (6.22)    30 (6.26)     15 (3.23)
  Diuretics                                                              182 (16.13)           143 (19.81)             71 (13.40)           26 (11.56)   40 (8.35)     16 (3.44)
  Calcium‐channel blockers                                               178 (15.78)           100 (13.85)             157 (29.62)          22 (9.78)    45 (9.39)     3 (0.65)
  Blood‐pressure‐lowering drugs[a](#jah31974-note-0009){ref-type="fn"}   436 (38.65)           261 (36.15)             252 (47.55)          52 (23.11)   117 (24.43)   34 (7.31)
  Statins                                                                25 (2.22)             2 (0.28)                20 (3.77)            5 (2.22)     4 (0.84)      0

Data are presented as n (%). ACE indicates angiotensin‐converting enzyme; ARB, angiotensin II receptor blocker.

Blood‐pressure‐lowering drugs include β‐blockers, ACE inhibitors, ARBs, diuretics, and calcium‐channel blockers.
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Discussion {#jah31974-sec-0015}
==========

Our study found opposite trends of risk‐factor burden and total cardiovascular disease in urban and rural communities in different socioeconomic regions of China. Despite the lowest risk‐factor burden in low‐income regions, prevalence there was the highest. Compared with urban communities, rural communities in low‐income regions had lower risk‐factor burdens but similar prevalence of total cardiovascular disease.

The main finding of our study is generally consistent with the conclusion from the previous global research,[10](#jah31974-bib-0010){ref-type="ref"} that is, although the risk‐factor burden (evaluated by the INTERHEART Risk Score) was positively correlated to the socioeconomic levels of the countries, the incidence and case fatality rate of major cardiovascular events (defined as deaths from cardiovascular causes, nonfatal stroke, myocardial infarction, and heart failure) showed a reverse pattern. Investigators attributed this phenomenon to some country‐level factors including the quality of health services, the frequency of proven therapies used, and the educational background of the population.[10](#jah31974-bib-0010){ref-type="ref"} Our study differs from the previous study in the following ways. First, we did not consider follow‐up data but only cross‐sectional data; thus we used prevalence rather than incidence or mortality to assess the disease occurrences. Second, the definitions of cardiovascular diseases were varied. Despite these differences, we observed similar trends with the global results among eastern, central, and western provinces in China, which represented high‐, middle‐, and low‐income regions of China, respectively.

The total INTERHEART Risk Score was higher in high‐ and middle‐income regions than in low‐income regions, indicating the lightest risk‐factor burden in low‐income regions. Specifically, the past INTERHEART Risk Score, which represents the burden of lifestyle behaviors and medical histories before cardiovascular events, was higher in high‐income regions than in middle‐ and low‐income regions. The present INTERHEART Risk Score, which represents the burden of lifestyle behaviors and psychosocial factors after cardiovascular events, was highest in middle‐income regions, intermediate in high‐income regions, and lowest in low‐income regions. Situations in different socioeconomic regions of China well paralleled the development process of risk factors in high‐, middle‐, and low‐income countries in the world in the last century. At the very beginning, risk factors increased in high‐income countries but remained less prevalent in middle‐ and low‐income countries.[21](#jah31974-bib-0021){ref-type="ref"} After several decades of development, risk factors in high‐income countries declined as a result of the enhancement of resident awareness and improvement of disease management.[4](#jah31974-bib-0004){ref-type="ref"} In contrast, risk factors in middle‐income countries increased markedly because of the working manner and lifestyle transition to sedentary, crapulent, and gluttonous.[22](#jah31974-bib-0022){ref-type="ref"} For low‐income countries, people were too poor to smoke, drink, and entertain; therefore the prevalence of risk factors was still relatively low.[23](#jah31974-bib-0023){ref-type="ref"}

The prevalence of total cardiovascular disease was lower in high‐ and middle‐income regions than in low‐income regions, demonstrating the most severe heart problems in low‐income regions. The prevalence of major cardiovascular disease was comparable among regions because of the opposed trends of stroke and ischemic heart disease with income levels. Similar tendencies were also reported in other studies,[24](#jah31974-bib-0024){ref-type="ref"}, [25](#jah31974-bib-0025){ref-type="ref"} and the decreased prevalence of stroke and the increased prevalence of ischemic heart disease in low‐income settings were explained by worse health surveillance and less adequate disease management, respectively. Socioeconomic status other than risk factors played a decisive role in determining the spectrum of the disease. The inferior availability and affordability of health services, the lacked consciousness of prevention, the poorer control of risk factors, and the poorer quality of diagnoses and treatments in low‐income regions of China[13](#jah31974-bib-0013){ref-type="ref"} may jointly lead to the asymmetry of risk‐factor burden and disease rates.

Within each socioeconomic region, the past risk‐factor burden and the disease prevalence differed between urban and rural communities. For high‐ and middle‐income regions, the greater past risk‐factor burden in urban communities (compared with rural) well explained the higher prevalence of total cardiovascular disease in urban communities. For low‐income regions, large imbalances in the allocation of educational and medical resources might contribute to different past risk‐factor burdens but to similar prevalences between urban and rural areas. Although the past risk‐factor burden was greater in urban than rural communities in low‐income regions, the theoretical higher prevalence of total cardiovascular disease in urban settings was neutralized by the better socioeconomic status and neighborhood walkability. A parallel but more significant phenomenon was observed from urban versus rural settings of middle‐ and low‐income countries in the global study.[10](#jah31974-bib-0010){ref-type="ref"}

After diagnosis with total cardiovascular disease, the present risk‐factor burden also varied from urban to rural in different socioeconomic regions. Residents in urban communities in high‐ and middle‐income regions were more likely to develop healthier living habits to reduce their present risk‐factor burdens because of their higher awareness. In contrast, people in urban communities in low‐income regions were unaware of risk factors. But they were richer and cozier, enough to suffer more from unhealthy lifestyle behaviors and psychosocial problems, than people in rural communities. Therefore, citizens in low‐income regions undertook greater present risk‐factor burden than their countrymen.

All the past risk factors were associated with total cardiovascular disease. Among them, family history and former drinking showed the strongest associations. Family history, which represented the genetic background, was positively correlated to total cardiovascular disease in all regions. Former drinking, which represented for the frequency of lifestyle intervention, showed a decreased strength of correlations to total cardiovascular disease with the decline of socioeconomic status. As a result of the different levels of awareness, treatment, and control rates of cardiovascular diseases in different regions,[13](#jah31974-bib-0013){ref-type="ref"} residents in higher‐income regions might be more educated and more active in quitting drinking due to illness, and vice versa.

Healthcare accessibility was another possible influential factor for total cardiovascular disease. We used regular medications in our study to evaluate the healthcare accessibility in different socioeconomic regions of China. The drug use for total cardiovascular patients was higher in high‐ and middle‐income regions than in the low‐income regions, indicating the worst healthcare accessibility in low‐income regions. Meanwhile, the drug use was higher in urban than rural settings in all regions, especially in low‐income regions. These giant differences in healthcare accessibility between urban and rural areas further explained the reverse trend of risk‐factor burden and disease prevalence in urban and rural communities in low‐income regions.

Our study provides the first regional estimations of risk‐factor burden and prevalence of cardiovascular diseases in urban and rural communities in different socioeconomic regions of China. Results showed that poorer areas had lower risks but higher prevalence, especially for rural settings in low‐income regions. This finding implies important public health inequalities across provinces and between urban and rural communities, which have been discussed in the previous literature.[13](#jah31974-bib-0013){ref-type="ref"}, [26](#jah31974-bib-0026){ref-type="ref"} The imbalance in economic development directly affected the different healthcare provision among regions. Because the association pattern of risk factors and cardiovascular diseases varied among regions, giving different regions different intervention and prevention approaches would be a more efficient approach. Our study provides scientific evidence that may lead to better allocation of medical resources and more rational public health decision making.

There were several limitations of our study. First of all, the sampling framework of the PURE‐China Study was not nationally representative; thus caution is needed in extrapolating our findings. To minimize the selection biases brought by nonrandom sampling, we enrolled residents from high‐ (eastern), middle‐ (central), and low‐income (western) regions as well as from urban and rural communities, and we followed standardized protocols to approach households and individuals. In addition, our overall prevalence of total cardiovascular disease is generally consistent with that reported by the China Health Statistical Yearbook,[27](#jah31974-bib-0027){ref-type="ref"} suggesting our sampling methods may not be a major concern.

Second, we used the INTERHEART Modifiable Risk Score, which was established for the prediction of myocardial infarction, to evaluate the risk‐factor burden of all cardiovascular diseases. Because the risk factors involved in the score were applicable for many noncommunicable chronic diseases, and the score was highly correlated to cardiovascular diseases other than myocardial infarction, it was widely employed in cardiovascular risk assessments.[10](#jah31974-bib-0010){ref-type="ref"}, [28](#jah31974-bib-0028){ref-type="ref"}, [29](#jah31974-bib-0029){ref-type="ref"}, [30](#jah31974-bib-0030){ref-type="ref"}

Third, the medical history of cardiovascular diseases was self‐reported, so its prevalence may be underestimated. However, previous studies showed that self‐reports and hospital records were highly consistent for stroke and ischemic heart disease,[31](#jah31974-bib-0031){ref-type="ref"}, [32](#jah31974-bib-0032){ref-type="ref"}, [33](#jah31974-bib-0033){ref-type="ref"} and the adjudication committee of the PURE‐China Study had verified most of the disease cases; therefore, we assumed that all individuals who reported such events were cardiovascular patients.

Last but not least, the association between risk factors and cardiovascular diseases can not define any causality. Given the cross‐sectional feature of our study, we can not decide the temporal relationship; hence, our findings were just implications but not confirmations. The correlations between risk factors and cardiovascular diseases to some extent reflected the impact of cardiovascular diseases on risk factors. Nevertheless, we distinguished the cardiovascular risk factors into past and present parts, to represent the situations before and after cardiovascular events, and just used past risk factors to do the association; then the potential reverse causality can be minimized. Because the follow‐up data from the Chinese cohort were not yet available, prospective results were left for future analysis.

In conclusion, our study found an inverse tendency between cardiovascular risks and cardiovascular diseases among socioeconomic regions, with lowest risk‐factor burden but highest prevalence in low‐income regions and rural communities in China. These findings may be interpreted in terms of the different education levels, healthcare quality, and medical availability in different areas; therefore, appropriate treatment and prevention strategies are needed for specific regions.
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*China Coordination Center Beijing Office*: Lisheng Liu\*\*, Wei Li\*\*, Bing Liu, Bo Hu, Chunming Chen, Jin Guo, Hongye Zhang, Hui Chen, Jian Bo, Jian Li, Juan Li, Jun Yang, Kean Wang, Li Zhang, Qing Deng, Bing Ren, Tao Chen, Tao Xu, Wei Wang, Wenhua Zhao, Xiaohong Chang, Xiaoru Cheng, Xinye He, Xixin Hou, Xingyu Wang, Xiulin Bai, Xiuwen Zhao, Xu Liu, Xuan Jia, Yang Wang, Yi Sun, Yi Zhai. *Beijing*: Dong Li\*, Di Chen\*, Hui Jin, Jiwen Tian, Yumin Ma; Yindong Li\*, Chao He, Kai You, Songjian Zhang; Xiuzhen Tian\*, Xu Xu\*, Jinling Di, Jianquan Wu, Mei Wang, Qiang Zhou. *Inner Mongolia Autonomous Region*: Shiying Zhang\*, Aiying Han, Minzhi Cao. *Jiangsu Province*: Jianfang Wu\*, Weiping Jiang\*, Deren Qiang, Jing Qin, Shan Qian, Suyi Shi, Yihong Zhou; Zhenzhen Qian\*, Zhengrong Liu; Changlin Dong\*, Ming Wan; Jun Li\*, Jinhua Tang; Jun Li\*, Yongzhen Mo\*, Rongwen Bian, Qinglin Lou. *Jiangxi Province*: Rensheng Lei\*, Lihua Hu, Shuwei Xiong, Yan Zhong; Ning Li\*, Xincheng Tang\*, Shuli Ye. *Liaoning Province*: Yu Liu\*, Chunyi Li, Yujin Li; Minfan Fu\*, Qiuyuan Wang, Xiaoli Fu; Xiaojie Xing\*, Baoxia Guo\*, Huilian Feng, Lihui Xu. *Qinghai Province*: Yuqing Yang\*, Haibin Ma, Ruiqi Wu, Yali Wang; Xiaolan Ma\*, Hongze Liu, Yurong Ma. *Sichuan Province*: Xiaoyang Liao\*, Bo Yuan, Qian Zhao; Guofan Xu\*, Hui He, Jiankang Liu, Xin Wang; Ming Chen\*, Wenqing Deng\*. *Shandong Province*: Fanghong Lu\*, Zhendong Liu\*, Hua Zhang, Shangwen Sun, Shujian Wang, Yingxin Zhao, Yutao Diao; Mei Wang\*, Xuezheng Shi; Debin Ren\*, Chuanrui Wei. *Shanxi Province*: Liangqing Zhang\*, Jufang Wang; Lianghou Fan\*, Guoqin Liu; Yan Hou\*, Cuiying Wu, Guilan Ma, Hua Wei, Junying Wang, Xiongfei Bao, Yue Tang; Tianlu Liu\*, Yahong Zhi. *Shaanxi Province*: Peng Zhang\*, Ailing Wang, Huijuan Wang, Jianna Liu, Qinzhou Liu, Rong Wang. *Xinjiang Uygur Autonomous Region*: Jianguo Wu\*, Aideer Aili\*, Ayoufumiti Wula, Aibi Bula, Dongmei Yang, Qian Wen, Resha Laiti. *Yunnan Province*: Yize Xiao\*, Qingping Shi, Ying Shao; Jing He\*, Kehua Li, Wuba Bai, Jinkui Yang; Yunchun Jiang\*, Huaxing Liu\*, Shunyun Yang.

\*Regional Coordinator.

\*\*National Coordinator.
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